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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a semiconduc- 
tor device having a junction type field-effect transistor 
(referred to as a junction type FET hereinafter). 

Description of the Prior Art 

[0002] A plan view of a prior art semiconductor device 
having a conventional junction type FET is shown in 
FIG. 6(A), and an example of its circuit diagram is shown 
in FIG. 6(B). 

[0003] Referring to FIG. 6(A), a source electrode (S) 
2 and a drain electrode (D) 3 are formed on a surface 
of a semiconductor substrate (a semiconductor chip), 
where the electrodes 2 and 3 are composed respective- 
ly of bonding pads 21 and 23, and pluralities of finger 
parts 22 and 24 which extend respectively from the 
bonding pads 21 and 23 to the section above an N-type 
active region to be connected respectively to N+-type 
diffused layers formed in that section. Further, P+-type 
diffused layers are formed as agate region (G) between 
the N'^-type diffused layers, and a gate electrode is led 
out from a P+-type rear surface of the semiconductor 
substrate. 

[0004] In the semiconductor device having the con- 
ventional junction type FET, a diode (Di) is formed be- 
tween the gate electrode (G) and the source electrode 
(S) on the input side, and a Zener diode (Z-Di), for pro- 
tecting the junction type FET against an overvoltage 
which is applied to the drain electrode, is formed be- 
tween the drain electrode (D) and the source electrode 
(S) on the output side, as shown in FIG. 6(B) though 
omitted from FIG. 6 (A). Such a technique is disclosed 
in, for example, Japanese Utility Model Application Laid- 
Open No. Hei 2-56438 (1990). 
[0005] Since, however, the capacity (output capacity) 
between the source electrode and the drain electrode 
of the conventional junction type FET is a small parasitic 
capacity of the order of 2 to 3 pF, it is difficult to satis- 
factorily isolate high frequency noises from the outside. 
Because, this capacity is computed by Cqq (parasitic 
capacity between the gate electrode and the drain elec- 
trode) + Cos (parasitic capacity between the drain elec- 
trode and the source electrode). Since one has Cqs ^ 
0, to obtain a large value for the capacity it is necessary 
to make Oqq large by increasing the area of the gate 
region of the P'^-type diffused layer. However, an in- 
crease in the area of the gate region results in the de- 
terioration in the characteristics, for example, a value of 
the conductance of the junction type FET is decreas- 
ing. 

[0006] On the other hand, obtaining a sufficiently 
large capacity between the source electrode and the 



drain electrode by means of the Zener diode for the pro- 
tective circuit requires a very large area, which is unre- 
alistic. 

[0007] Moreover, since these capacities are P-N junc- 
5 tion capacities, a magnitude of the capacity depends on 
the difference between potentials applied to the source 
electrode and the drain electrode so that an isolation 
performance against the high frequency noises from ex- 
ternal circuits varies with the output level of the junction 
10 type FET. 

[0008] Additionally, it is not possible to effectively iso- 
late the high frequency noises even if a capacitive ele- 
ment is installed outside the semiconductor substrate 
(semiconductor chip) because the capacitive element 
15 connected between the source electrode and drain elec- 
trode is not provide nearby the junction type FET. 
[0009] As described in the above, In the conventional 
junction type FET it is not possible to insulate noises 
from external circuits so that there is a problem in that 
20 the characteristics (mutual conductance and the like) of 
the junction type FET is not stabilizing. 
[0010] In particular, when the junction type FET is in- 
corporated in an electret capacitor microphone (minia- 
turized microphone used in a portable telephone set 
25 such as a land mobile radio telephone set or in a porta- 
ble radio equipment) as an amplifier, there arises a prob- 
lem that it is liable to pick up noises of frequency higher 
than 10 kHz under an influence of a high frequency os- 
cillator which generates a carrier wave nearby the junc- 
30 tion type FET 

[0011] On the other hand, in the electret capacitor mi- 
crophone or the like, it is necessary to discharge the 
electric charge, charged between electrodes, quickly so 
that the adoption of the junction type FET having an in- 
35 put gate of diode construction is required and it is not 
possible to adopt a MOSFET having a large input ca- 
pacity, namely, having an input gate of capacitor con- 
struction, because of the deterioration of a speed corre- 
sponding to an input signal. 
40 A further semiconductor device is disclosed in 
JP591 29909. 

SUMMARY OF THE INVENTION 

45 [001 2] It is therefore an object of this invention to pro- 
vide a semiconductor device which can effectively iso- 
late noises impressed on the output side of the junction 
type FET. 

[0013] It is another object of this invention to provide 
50 a semiconductor device which can effectively isolate in- 
put of the high frequency noises to the junction type FET 
without giving rise to an inconvenience to the intrinsic 
characteristics of the junction type FET. 
[0014] It is still another object of this invention to pro- 
55 vide a semiconductor device having the junction type 
FET suitable for use in an electret capacitor micro- 
phone. 

[0015] It is a feature of this invention as claimed in 
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claim 1, in a semiconductor device having the junction 
type FET provided with a source electrode and a drain 
electrode on a principal surface of a semiconductor sub- 
strate, to form a MOS capacitor on the principal surface, 
and connect an upper electrode of the MOS capacitor 
to the source electrode and connect its lower electrode 
to the drain electrode. Here, the lower electrode may be 
constituted of a polysilicon film highly doped with an im- 
purity such as boron or phosphorus, whereas the upper 
electrode may be constituted of a metallic film of alumi- 
num or the like. In that case, it is preferable that the poly- 
silicon film which is connected to the source or the drain 
electrode constituted the tower electrode by extending 
it on an insulating film formed on the principal surface 
to the region of formation of the MOS capacitor, and the 
drain or the source electrode and the upper electrode 
are formed integrally. Further, it is preferable that a ca- 
pacitor dielectric film between the upper and the lower 
electrodes is constituted of a silicon oxide film, silicon 
nitride film, alumina film, phosphate glass film, borosili- 
cate glass film, or a composite film formed by combining 
some of these films. 

[0016] It is another feature of this invention, in a sem- 
iconductor device having an N-channel junction type 
FET which is provided with a source electrode and a 
drain electrode on a principal surface of a semiconduc- 
tor substrate and has a P-type impurity region as a gate 
electrode, to form a MOS capacitor on the principal sur- 
face, connect an upper electrode of the MOS capacitor 
to the source electrode and connect its lower electrode 
to the drain electrode, and form on the semiconductor 
substrate a diode whose cathode is connected to the 
gate region and whose anode is connected to the source 
electrode. Here, a resistive element is formed on the 
semiconductor substrate, where one of the end parts of 
the resistive element may be connected to the source 
electrode and the other end part may be connected to 
the gate region. 

[0017] It is another feature of this invention to form a 
source electrode and a drain electrode of a junction type 
FET on a principal surface of a semiconductor sub- 
strate, connect a MOS capacitor formed on the principal 
surface between the source electrode and the drain 
electrode, and use the device by incorporating it in an 
electret capacitor microphone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above-mentioned and other objects, fea- 
tures and advantages of this invention will become more 
apparent by reference to the following detailed descrip- 
tion of the invention taken in conjunction with the accom- 
panying drawings, wherein: 

FIG. 1 is a plan view showing the semiconductor 
device (semiconductor chip) of a first embodiment 
according to the invention; 
FIG. 2 shows sectional views of the first embodi- 
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ment of the semiconductor device according to the 
invention, where FIGS. 2(A), 2(B), 2(C) and 2 (D) 
show the A-A' part, B-B' part; C-C part and D-D' 
parts, respectively, of FIG. 1; 
5 FIG. 3 is an equivalent circuit diagram showing the 
first embodiment of the semiconductor device ac- 
cording to the invention; 

FIG. 4 is a schematic diagram showing the case of 
incorporating the embodiment of the semiconductor 

10 device according to the invention; 

FIG. 5 shows a second embodiment of the semi- 
conductor device (semiconductor chip) of the inven- 
tion, where FIG. 5(A) is a plan view, FIGS. 5(B) and 
5(C) are sectional views of B-B' part and C-C part, 

15 respectively of FIG. 5(A); and 

FIG. 6 is a diagram showing a prior art semiconduc- 
tor device, where FIGS. 6(A) and 6(B) are a plan 
view and an equivalent circuit diagram. 

20 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] Refen-ing to the drawings, this invention will be 
described in the following. 

25 [0020] FIG. 1 shows a semiconductor chip 50 having 
the first embodiment of the junction type FET has a junc- 
tion type FET 60 and a MOS capacitor 70. 
[0021] A 4 ^im-thick N-type silicon epitaxial layer 61 
is formed on a P+-type silicon substrate 11, and a P"^- 

30 type element isolation region 12 is formed extending 
from a principal face (surface) 13 reaching the P+-type 
silicon substrate 11, constituting a semiconductor sub- 
strate. 

[0022] FIG. 2(D) shows 2 |xm-deep slender N+-type 

35 source regions 62 and N+-type drain regions 63 extend- 
ing in the X direction in FIG. 1. FIG. 2(A) shows slender 
1.5 ^im-wide and 3 ^m-deep P+-type gate regions 64 
that extend in the same manner are formed between the 
two kinds of regions within the iaiandlike N-type silicon 

40 epitaxial layer 61 . The N -type source region 62, the N"^- 
type drain region 63 and P+-type gate region 64 are al- 
ternately an-ayed, in the Y direction in FIG. 1. The Re- 
type gate regions 64 are connected at their end parts to 
the P"^-type element isolation region 12, and are con- 

45 nected to a gate electrode 49 formed on the rear face 
of the P'^-type silicon substrate. 
[0023] A 1 ^im-thick silicon oxide film 14 is formed on 
the principal face 13, contact holes 16 reaching the re- 
spective source and the drain regions 63 and 63 are 

50 formed, and a 500 nm-thick silicon nitride film 15 is 
formed covering the top face of the silicon oxide film 14 
and the side surfaces of the contact holes 16, 
[0024] An aluminum based metallic source electrode 
67 (S) is formed on the silicon nitride film 15, where the 

55 source electrode 67 has a circular bonding pad 66 and 
rectangular finger parts 65. The rectangular finger parts 
65 are connected ohmically to the respective N -type 
source regions 62 through the contact holes 16. Simi- 
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larly, an aluminum based metallic drain electrode 57 (D) 
is formed on the silicon nitride film 15, where the drain 
electrode 57 has a circular bonding pad 56 and rectan- 
gular finger parts 55. The rectangular finger parts 55 are 
connected ohmically to the respective N+-type drain re- 
gions 63 through the contact holes 16. 
[0025] FIG, 2(B) shows a MOS capacitor 70 fornied 
on the silicon oxide film 14 on the out side of the island- 
like N-type silicon epitaxial layer 61 . The MOS capacitor 
70 is constituted of a lower electrode 71 made of 1 ^im- 
thick polysilicon film which contains an impurity such as 
phosphorus or boron at a high concentration of more 
than 1 X 10''^ cm-^ to reduce the electrical resistance 
formed on the silicon oxide film 14, a dielectric film 73 
of silicon oxide formed on one part of the lower electrode 
71 , and an upper electrode made of an aluminum based 
metal which is formed on the dielectric film 73 via an 
opening 17 in the silicon nitride film 15. 
[0026] FIG. 2(C) shows the lower electrode 71 con- 
nected to the bonding pad 56 of the drain electrode 57 
via a connecting part 48 formed extending on the silicon 
oxide film 14 and a contact hole 18 formed in the silicon 
nitride film 15. 

[0027] On the other hand, the upper electrode 72 is 
connected to the bonding pad 66 of the source electrode 
67 via an aluminum based connecting part 47 extending 
on the silicon nitride film 15. The bonding pad 66 of the 
source electrode 67 and the finger parts 65, and the con- 
necting part 47 and the upper electrode 72 of the MOS 
capacitor 70 are formed integrally using an aluminum 
based metal. 

[0028] When the thickness of the dielectric film 73 of 
silicon oxide is 50 nm, and the area of the capacitor, 
namely, the shape of the opening 17 where the upper 
electrode 72 makes contact with the dielectric film 73, 
is a square of a side of 170 ^im, the capacitance value 
of the MOS capacitor 70 turns out to be 20 pF. 
[0029] By inserting such a MOS capacitor 70 between 
the source electrode 67 and the drain electrode 57 the 
cut-off frequency f for the case where the input imped- 
ance of the circuit driven by the junction type FET is, for 
example, 1 Mn, becomes f = 1/ (2 tc x CR) = 1/ {2 tc x 
20(pF) x 1 (MCI)} = 8 X 103 [Hz] = 8 [kHz]. 
[0030] The MOS capacitor 70 connected between the 
source electrode 67 and the drain electrode 57 of the 
junction type FET has the function of a low pass filter 
which obstructs the passage of the frequency compo- 
nent (high frequency) higher than the cut-off frequency 
f. 

[0031] Although the case of 20 pF for the capacitance 
value of the MOS capacitor 70 and the load resistance 
value of 1 MO is described in the above, the capacitance 
value can freely be determined depending on the resist- 
ance value and the frequency desired to be cut off. 
[0032] Figure 4 is a schematic diagram showing a part 
of an electret capacitor microphone which uses the sem- 
iconductor device having the junction type FET of this 
invention. 



[0033] The microphone uses a diaphragm (electret di- 
aphragm) 91 made of a polymer film subjected to a spe- 
cial treatment so as to be imparted with the electret phe- 
nomenon in order to obviate the need for an external dc 

5 power supply. The back electrode 92 which faces the 
diaphragm 91 is connected to the gate electrode G of 
the junction type FET 60 of this invention in which a MOS 
capacitor 70 is connected between the source and the 
drain, and supplies an input electrical signal to the FET 

10 60 based on a sound 100. 

[0034] The positive side of a battery 93 is connected 
to the drain electrode D of the FET, and its negative side 
is connected to the source electrode S of the FET. Fur- 
ther, the source electrode S is grounded via an output 

15 resistance Rqut ^4. 

[0035] A diode (D^) 95 which converts a capacity 
component to an input voltage component is installed, 
and a diode (D2) 96, a resistive element (R) 98 and a 
diode (D3) 97 for quickly discharging the electric charg- 

20 es charged between the diaphragm system and the 
junction type FET are fomned between the source elec- 
trode and the gate electrode of the junction type FET 
60. Of these components the diode (D3) 97 is the para- 
sitic capacity between the source electrode and the gate 

25 electrode of the junction type FET 60. The resistive el- 
ement (R) 98 is provided in order to discharge the 
charged electric charge corresponding to a voltage of 0 
to 0.5 V, since a diode is not actuated until a voltage of 
the order of 0.6 V is applied across its both ends. 

30 [0036] In FIG. 4, the region surrounded by the chain 
line 50 corresponds to the semiconductor device of the 
first embodiment shown in FIG. 1 through FIG. 3. The 
junction type FET 60, the MOS capacitor 70 and the par- 
asitic diode (diode fomned by the P-N junction within the 

35 junction type FET) 97 are formed in the semiconductor 
device 50, and other elements are externally connected 
to various terminals (marked by small open circles on 
the chain line 50 in FIG. 4) of the semiconductor device. 
[0037] On the other hand, the region indicated by the 

40 chain line 80 in FIG. 4 shows the semiconductor device 
80 of a second embodiment in which the diode (D2) 96 
and the resistive element (R) 98 are also integrated on 
the semiconductor chip. 

[0038] In FIG. 5, the parts with functions identical or 
45 similar to those of FIG. 1 through FIG. 3 are marked with 
identical symbols to omit overlapped description. 
[0039] In FIG. 5(A) and FIG. 5(B), a P-type impurity 
region 81 is formed within an islandlike N-type silicon 
epitaxial layer 61* surrounded by the P+-type element 
50 isolation region 12, and an N-type impurity region 82 is 
formed within the region 81. The diode (D2) 96 is con- 
stituted of the P-N junction between both regions 81 and 
82. An aluminum based connecting part 83 extends on 
a silicon nitride film 19 from the bonding pad 66 of the 
55 source electrode 67, and is connected to the P-type im- 
purity region 81 via a contact hole 85. An aluminum 
based connecting part 84 connected to the N-type im- 
purity region 82 via a contact hole 86, is coupled with 
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the gate region and the gate electrode by being connect- 
ed to the P+-type element isolation region 12 via a con- 
tact hole 87. The diode (Dj) 96 is connected in this man- 
ner between the source and the gate of the junction type 
FET 60. 5 
[0040] In FIG. 5{C), the resistive element (R) 96 with 
breadth of 20 ^m, length of 200 ^m and thickness of 0.8 
^m, made of polycrystalline silicon with resistivity 1 x 
10^ O cm, Is formed on the silicon oxide film 14. One of 
the end parts of the resistive element (R) 98 Is connect- io 
ed via a contact hole 89 to the connecting part 83 from 
the source electrode, and the other end part of the re- 
sistive element 98 Is connected via a contact hole 88 to 
the P+-type element Isolation region 12 to be coupled 
with the gate region and the gate electrode. The resis- 15 
tive element (R) 98 Is connected In this manner between 
the source and the gate of the junction type FET 60. 
[0041] In the above examples, a silicon oxide film with 
relative dielectric constant of 3.7 to 3.9 Is used as the 
dielectric film 73. However, a silicon nitride film with rel- 20 
atlve dielectric constant 6.0 to 7.4, an alumina film, a 
phosphoslllcate glass film or a borophosphosilicate 
glass film, or a composite dielectric film formed by com- 
bining these films can also be used as the dielectric film 
73. 

[0042] As has been described In the above, this In- 
vention has a MOS capacitor connected between the 
source and the drain of a junction type FET, so that it Is 
possible to isolate noises from external circuits driven 
by the junction type FET. As a result. It Is possible to 
suppress especially the fluctuations in the mutual con- 
ductance characteristic of the junction type FET 
[0043] Moreover, even when the junction type FET Is 
incorporated In an electret capacitor microphone in 
which a high frequency oscillator is installed nearby, it 
is possible to effectively Isolate the high frequency nois- 
es from the high frequency oscillator. 



Claims 

1. A semiconductor device comprising: 



2. The semiconductor device as claimed In claim 1, 
further comprising, a diode element (96) connected 
between said gate electrode and said source elec- 
trode for discharging an electric charge between 
said gate electrode and said source electrode. 



Patentanspruche 

1. Halbleltervorrlchtung mit: 

einem Feldefekttranslstor vom Ubergangstyp 
(60) mit einer Source-Elektrode (67) und einer 
Drain-Elektrode (57). die in eInem Halbteiter- 
substrat (11) ausgebildet sind, und einer Gate- 
Elektrode (49), zum Empfangen eines Audlo- 
frequenz-Elngangssignals; und 
einem Kondensatorelement (70) mit einer un- 
teren Elektrode (71 ), die auf dem Halbleltersub- 
strat ausgebildet 1st, einer oberen Elektrode 
(72) die uber der unteren Elektrode ausgebildet 
1st, und einem dielektrischen Film (73). derzwl- 
schen der unteren Elektrode und der oberen 
Elektrode angeordnet 1st, wobei das Konden- 
satorelement elektrlsch zwischen der Source- 
und der Drain-Elektrode geschaltet 1st, die In 
dem Halbleitersubstrat ausgebildet sInd. 

2. Vorrichtung nach Anspruch 1, welterhin mit einem 
Diodenelement (96), das zwischen die Gate-Elek- 
trode und die Source-Elektrode geschaltet ist, um 
eine elektrische Ladung zwischen der Gate-Elek- 
trode und der Source-Elektrode zu entladen. 



Revendications 

1 . DIsposltIf a semi-conducteur. comprenant : 

un transistor a effet de champ (60) du type a 
jonction ayant une electrode de source (67) et 
une electrode de drain (57) formees dans un 
substrat semi-conducteur (11) et une electrode 
de grille (49) destinee a recevoir un signal d'en- 
tree a frequence audio ; et 
un element condensateur (70) comprenant une 
electrode inferleure (71) formee sur ledit subs- 
trat semi-conducteur, une electrode superleure 
(72) formee au-dessus de ladite electrode Infe- 
rleure, et un film dielectrique (73) interpose en- 
tre ladite electrode Inferleure et ladite electrode 
superleure, ledlt element condensateur etant 
electrlquement connecte entre lesdites electro- 
des de source et de drain fomnees dans ledlt 
substrat semi-conducteur. 

2. Disposltif a semi-conducteur selon la revendication 
1, comprenant en outre un element a diode (96) 



a junction type field-effect transistor (60) having 
a source electrode (67) and a drain electrode ^5 
(57) formed in a semiconductor substrate (11) 
and a gate electrode (49) for receiving an audio 
frequency input signal; and 
a capacitor element (70) comprising a lower 
electrode (71) formed on said semiconductor so 
substrate, an upper electrode (72) formed 
above said lower electrode, and a dielectric film 
(73) interposed between said lower electrode 
and said upper electrode, said capacitor ele- 
ment being electrically connected between said 55 
source and said drain electrode formed In said 
semiconductor substrate. 



5 
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connecte entre ladite electrode de grille at ladite 
electrode de drain pour decharger une charge elec- 
trique entre ladite electrode de grille et ladite elec- 
trode de source. 
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